Introduction
Manufacturing of Portland cement is a resource exhausting, energy intensive process that releases large amounts of the green house gas CO 2 into the atmosphere. A production of 1 ton of Portland cement requires about 2.8 tons of raw materials including fuel and other materials. As a result of de-carbonation of lime, manufacturing of 1 ton of cement generates about 1 ton of CO 2 . At present, efforts have been made to promote the use of pozzolans to partially replace Portland cement. Recently another class of cementitious materials, produced from aluminasilicate precursor activated in high alkali solution-geopolymers, has been developed (Guo et al, 2010 ).
Materials
Most waste materials such as fly ash, blast furnace slag and mine tailings contain sufficient amounts of reactive alumina and silica that can be used as source materials for in situ geopolymerisation reactions (Weil et al., 2007; Duxson et al., 2005; Duxson et al., 2007) . Nevertheless, the most studies have used the source materials on an arbitrary basis without consideration of the mineralogy or paragenesis of the individual minerals.
It is important to note that the interrelationship between mineralogy and reactivity of individual minerals is extremely complex, and so further research on the ability of a wide variety of different materials to undergo geopolymerisation is required in order to elucidate the underlying chemical mechanisms. It is reasonable to assume that the type and nature of the starting materials used will directly affect the final physical and chemical properties of a geopolymer derived from waste materials. The current work therefore investigates the effect of various compositions of fly ash and kaolinite mixes on the physical and chemical properties of geopolymers.
It was shown that the water content, curing as well as calcining conditions affect the final properties of a geopolymer.
Type and concentration of activator
Effect of type and concentration of activator is based on the resulting solubility of the materials. The solubility of these materials varies depending on the pH of the activating solutions. Solubility is high in acid media, but the instability of the resulting hydrates prevents any cementitious structure forming. By contrast, at basic pH > 11 the material dissolves and forms stable hydrates, with a gradual increase in the binding properties of the material (Abdullah et al., 2011) .
The most widespread opinion around activator concentration is that the higher it is the greater is mechanical strength of the material. Nonetheless, this is not completely accurate, but depending in part on the activator used, there may be certain threshold values above which the strength does not rise significantly, or may even fall. Moreover, these high doses of alkalis may have adverse effects, increasing efflorescence, brittleness and so on. Nor should the economic factor be overlooked, for higher doses entail higher costs. When deciding which activator to use, however, mechanical strength should not be the only criterion considered. Other properties of importance in this regard include durability (resistance to acid, carbonation, the silica-alkali reaction), fire resistance, matrix-steel bonding, drying shrinkage and so on (Abdullah et Figure 1. 
Curing conditions
The temperature and curing time enhance mechanical strength, particularly early age strength, improves durability, and limits product fluctuations and efflorescence. Increasing the temperature during initial curing accelerates the reaction rate of these materials. As in the case of Portland cement, higher temperatures may have both beneficial and adverse effects on mechanical strength development in geopolymer cements. The hydration products formed are generally amorphous, although rising temperatures may on occasion lead to the formation of crystalline products ( Comparison of the effectiveness of the alkali activator used: 1. Slag + silica fume activator substituted for sodium hydroxide; 2. 30 % Portland cement + 70 % slag + silica fume activator substituted for water; 3. 10 % Portland cement + 90% slag + silica fume activator substituted for water, 1 and 28 days values are equal; 4. Slag + silica fume activator substituted for water glass (Živica, 2004) A curing temperature is the most important factor. As the curing temperature increases, the setting time decreases, and compressive strength increases. The curing temperature within 60 -90 °C range, curing time in range of 24 h -72 h and compressive strength between 40 -50 MPa seem to be optimal (Živica, 1999) . Mild curing seems to improve physical properties while curing under higher humidity is not usually beneficial. Rapid curing and/or curing at too high temperatures will result in cracking and thus have a negative effect on physical properties. The current work has therefore shown that the manufacture of a geopolymer product for specific applications requires careful consideration of process conditions such as curing temperature and humidity, in addition to the initial mix design.
Water/binder ratio
The dependence of the engineering properties of concretes and other cement composites on the value of water/cement ratio (w/c) is very well known. Also it is the fact that their strengths, durability and the quality of other engineering properties are increased when the w/c ratio values are decreased (Živica, 2004 
Geopolymer cements preparation
Geopolymers are a class of inorganic polymers formed by the reaction between an alkaline solution and aluminosilicate materials. The reactants are an alkali metal hydroxide/silicate solution and an aluminosilicate binder. Commonly used binders include fly ash, ground granulated slags or metakaolin, but any fine amorphous aluminosilicate material can be used. Most waste materials such as fly ash, blast furnace slag and mine tailings contain sufficient amounts of reactive alumina and silica that can be used as source materials for in situ geopolymerisation reactions. One condition is the presence of amorphous alumina silicates and To produce geopolymer from kaolin or other clay materials three main steps are necessary: (i) thermal activation, the aim of which is to obtain a clay material with a high chemical activity.
In this process dehydroxylation of clay mineral leads to an unstable amorphous solid, (ii) alkali activation: an activated alumino-silicate material is dissolved in a highly alkaline solution to produce silicate and aluminate monomers (Xu and van Deventer, 2000), (iii) reactive setting or polycondensation, in which the silicate and aluminate monomers condense to a stable polymer network (Davidovits, 1991) . The polymerisation process involves a substantially fast chemical reaction under alkaline condition on Si-Al minerals that results in a three dimensional polymeric chain and ring structure consisting of Si-O-Al-O bonds.
To obtain a well structured geopolymer with acceptable mechanical properties, it is necessary to enhance the activity and solubility of Al-Si source materials in alkali solution. Thermal activation of the source material is one way to meet this condition effects on final properties (Kaps and Buchwald, 2002) .
The common materials used as alkaline solution in producing geopolymer are sodium and potassium hydroxide. Chindaprasirt et al. (2007) found out that, to produce higher strength A clear representation of the chain reaction involved during the polymerization is shown in Figure 3 .
All mentioned dependences and effects are common also to geopolymer systems distinguished from the related cement materials only by the specific properties of geopolymer as a binder. The significance of the water/OPC ratio for the geopolymer systems is reported by Barbosa et al. (2000) . According to the authors the effects of the changes of water/cement ratio on the properties of the geopolymers are the same as at cement materials. Similar is the effect of ambient temperature increase showing the setting time decrease as a consequence of the increase of rapidity of polymerization. But only the temperature increase to 90°C seems to be optimal (Durekovic, 1995 
Properties of fresh mixture
The rheologic properties of fresh mixtures, mainly their flowability or workability respectively and setting rate are very significant for the practical application of cement materials (Živica et al., 2014) . While the rheological behaviour of Portland cement pastes and mortars has been investigated in depth, the rheology of geopolymer materials has not yet been explored, despite the importance of such research for an understanding and explanation of the behaviour of these cements and concretes during on-site placement (Barger et al., 2001 ). Consequently, one of the objectives of research should be to understand the rheological behaviour of geopolymer cement pastes and mortars in relation to the effect of the activator nature on their rheology.
The significant rheological properties of the fresh geopolymer mixtures are workability and setting, depending strongly also on the quantity of water added. This quantity or water/binder The setting rate represents a very important property of the fresh geopolymer mixtures influencing the time interval needed for the possibility of their placing in situ. As it can be found in the literature the setting rate and control of these systems seems to be problematic. For instance the fly ash as a component of geopolymer can show extremely short setting times on activation by alkaline silicate solution due to its high lime content. This limits the commercial exploitation of the fly ash as a raw material for geopolymers (Schulze, 1999) .
The uncontrolled setting exhibited by waterglass-activated slag pastes and mortars is due to the formation of a primary C-S-H gel in the early stages of the reaction as a result of the bonding of the Ca Nicholson et al. (2005) have shown that addition of inorganic boron to the activator solution not only significantly extend setting times, but also allows a predefined setting time to be achieved by varying the amount and source of boron added. Subsequent characterisation of the products indicates that the boron is structurally incorporated in the matrix, giving rise to a novel class of boroaluminosilicate geopolymers (Schulze, 1999 ).
Properties of hardened geopolymer cements

Strength
Mechanical behaviour is a basic property in assessing an engineering material for a specific application. For geopolymers as novel cementitious materials, the compressive strength is an important factor. Ever since their invention in the 1970s the better compressive strength, setting time and durability of geopolymers over conventional cements have been perceived as advantages. However, the compressive behaviour of geopolymers varies according to the raw materials and processing method used. To obtain a geopolymer with high compressive strength, a high strength gel phase and high ratio of gel to non-polymeric phases are required. These factors relate directly to the type and molar ratios of oxides in the Al-Si source, type and pH of alkali solution and solubility of raw materials in the activator solution In view of the importance of the dissolution of Al-Si species in alkali solution and of the polymerisation reaction, it is unsurprising that the characteristics of the alkali solution directly affect the microstructural reorganisation of the calcined clay and so the final mechanical properties of the product. It has been shown that flexural strength, compressive strength and apparent density of geopolymers increase as NaOH solution concentration increases. Using alkali solution composed of alkali hydroxide and dissolved silicate has been found to be beneficial for compressive strength relative to alkali hydroxide alone.
Durability
High resistance of geopolymer cements against aggressive environment is reported in many papers. The following ones are presented as examples (Davidovits, 1994; Thokchom et al., 2010; Xu, 2002; Živica and Križma, 2013) . Fly ash-based geopolymer cement had been proved by many studies to provide better resistance against aggressive environment. According to Bakharev (2005) in acidic exposure, high-performance geopolymer materials deteriorate with the formation of fissures in amorphous polymer matrix, while low-performance geopolymers deteriorate through crystallisation of zeolites and formation of fragile grainy structures. The formation of aluminosilicate gel is important to determine the stability of geopolymer. More crystalline geopolymer material prepared with sodium hydroxide was more stable in the aggressive environment of sulfuric and acetic acid solutions than amorphous geopolymers prepared with the sodium silicate activator (Davidovits, 1994) . Thokchom et al. (2010) investigated the effect of sodium oxide content on durability of geopolymer in sulphuric acid. Specimens with varying alkali content showed varying degree of deterioration when exposed to sulphuric acid. Besides that, the specimens showed no visible sign of structural disintegration but under optical microscope observation, the surface deterioration was clearly visible and it appeared more severe in specimen with less alkali content. The specimen with maximum alkali content showed more reduction in weight compared to minimum alkali content. On the other hand, specimen with minimum alkali content lost more strength. Hence, specimen a with higher alkali content performed much better, than those with a lower alkali content in terms of residual compressive strength (Thokchom et al., 2010) . Interesting high acidic resistance of geopolymer was reached when silica fume activator was used (Xu, 2000; Živica and Križma, 2013) .
A general fire resistance of geopolymer cements is reported. It was found that the fly ashbased geopolymer displayed increase in strength after temperature exposure. observed that the behaviour of geopolymer concrete under elevated temperature was affected by the size of aggregates. The aggregate of a smaller size (< 10 mm) could lead to spalling and also extensive cracking of geopolymer but the larger aggregate (>10 mm) were more stable. In addition, the thermal incompatibility between the geopolymer matrix and its aggregate components was the most likely cause of the strength loss in geopolymer concrete specimens at elevated temperatures. It can be proved by comparison of geopolymer concretes made with two different aggregates of distinctly different thermal expansion characteristics. The geopolymer concrete with greater incompatibility led to higher strength loss during elevated temperature .
It was observed that the thermal stability of the geopolymer materials prepared with sodium containing activators was rather low and significant changes in the microstructure occurred. The reverse situation was observed when potassium silicate was used as activators because it can remain mostly amorphous up to 1 200°C (Bakharev, 2006) .
Geopolymer cements show high freeze-thaw resistance. Alkali activated slag concrete due to a low water demand and a high electrolyte concentration in the pore solution, can bear 300 -1 150 cycles of repeated freezing-thawing, compared with fewer than 300 cycles for normal OPC concretes (Gourley, 2003) .
Due to the high alkalinity in geopolymer environment the decreased effects of the carbonation and increased protection effect of the embedded steel reinforcement in the geopolymer cement concrete opposite to the OPC cement can be expected (Pu, 1999 
Applications
The properties of geopolymers are significanly dependent on the silica/alumina ratio and their specific possibilities of various applications can be seen in Table 2 . It is evident that the properties of geopolymers offer broad possibilities of the applications also outwith the binder region 
Future research
Geopolymer technology is gaining interest because of the successful application of products in various fields, driven by the superior properties of geopolymers relative to currently used materials. In addition, the environmental impact of the production process of Portland cement will drive active consideration of alternatives, including geopolymers.
However, the research community first needs to address existing gaps in the knowledge of geopolymerisation and the properties of geopolymers. The following research seems to be important like: improved characterisation of raw materials appropriate for geopolymerisation, optimised curing conditions -strength relation and data on the response of geopolymeric products to severe environments under creep and fatigue loading. Sound data on the long term behaviour of geopolymers appears to be an important assumption as an intermediate party of their infiltration into practice.
Conclusion
The presented data on the important engineering properties of geopolymer cements show that these cements offer an alternative to, and potential replacement for, OPC. Geopolymer technology has also the potential to reduce global greenhouse emissions caused by OPC production. Due to a high level of mechanical properties of geopolymer cements and their environmentally beneficial technology they appear as a prospective construction material for the future.
This position is substantiated and established by the existing abundant raw materials resources, mainly industrial wastes and simple preparation technique saving energy and environment. The additional significant benefit of geopolymer cements represents their properties which include high early strength, low shrinkage, freeze-thaw resistance, sulfate resistance and corrosion resistance, make them useful for long-term containment of toxic and hazardous wastes. The properties of the geopolymers make them as the material advisable for the application in various branches of industry besides the binder region.
